The influence of environmental factors during isolation on the composition of potential biocontrol isolates is largely unknown. Bacterial isolates that efficiently suppressed wheat seedling blight caused by Fusarium culmorum were found by isolating psychrotrophic, root-associated bacteria and by screening them in a bioassay that mimicked field conditions. The impact of individual isolation factors on the disease-suppressive index (DSI) of almost 600 isolates was analyzed. The bacteria originated from 135 samples from 62 sites in Sweden and Switzerland. The isolation factors that increased the probability of finding isolates with high DSIs were sampling from arable land, Swiss origin of samples, and origination of isolates from plants belonging to the family Brassicaceae. The colony morphology of the isolates was characterized and compared to DSIs, which led to identification of a uniform morphological group containing 57 highly disease-suppressive isolates. Isolates in this group were identified as Pseudomonas sp.; they were fluorescent on King's medium B and had characteristic crystalline structures in their colonies. These isolates were morphologically similar to seven strains that had previously been selected for suppression of barley net blotch caused by Drechslera teres. Members of this morphological group grow at 1.5°C and produce an antifungal polyketide (2,3-deepoxy-2,3-didehydrorhizoxin [DDR]). They have similar two-dimensional polyacrylamide gel electrophoresis protein profiles, phenotypic characteristics, and in vitro inhibition spectra of pathogens. In summary, in this paper we describe some isolation factors that are important for obtaining disease-suppressive bacteria in our system, and we describe a novel group of biocontrol pseudomonads.
In biological control, microorganisms isolated from plants and soils are employed to protect crop plants from diseases. In cereals, seed-and soilborne fungal diseases are often suppressed by fluorescent pseudomonads (4, 6, 16, 17, 25) . These bacteria are well adapted to the rhizosphere environment (for a recent review see reference 29) , and they produce several antimicrobial substances that are involved in suppression of plant diseases (7) . Many Fusarium species, including Fusarium culmorum, and the related organism Microdochium nivale are well-known and widespread fungal plant pathogens which can cause different diseases at various developmental stages of a crop (36, 43) . This fact and the risk of triggering increased mycotoxin production by use of fungicides make these fungi difficult to control (30, 36) . However, since biological control often operates through several modes of action, it provides new possibilities to address these two issues (15, 19, 21, 25) .
Screening systems that approximate field conditions are more likely to result in selection of effective biocontrol isolates (12, 24, 50) . In the temperate regions of the world, one critical environmental factor is the low temperature during winter and early spring (12) . Hökeberg and et al. (13) developed an isolation and screening method that is selective for psychrotrophic biocontrol bacteria. By using this low-temperature assay, isolates that suppress many seed-borne diseases of field-grown barley were obtained (13, 17) . The low-temperature approach in combination with a high level of pathogen inoculum was used by Johansson et al. (16) in a greenhouse screening for disease-suppressive bacteria. In field experiments that were performed for five consecutive years, four strains of different species (three fluorescent pseudomonads and one Pantoea sp.) efficiently suppressed both F. culmorum causing wheat seedling blight and M. nivale causing snow mold of wheat (16) . Other examples of psychrotrophic bacteria are the plant growth-promoting rhizobacterium strain Pseudomonas putida GR12-2, which was selected for its ability to fix nitrogen and colonize the roots of canola (Brassica campestris) at low temperatures (28) , and the biocontrol agent (BCA) Bacillus strain L324-92, which suppressed three soilborne diseases in growth chamber experiments carried out at 15°C and in direct-drilled field trials of winter and spring wheat in the inland northwest of the United States (22) . The authors believed that the ability of strain L324-92 to grow at 4°C contributed to its biocontrol activity.
Several factors, such as soil type, soil texture, presence of a pathogen inoculum, sampling techniques, medium used for isolation, and plant material used to isolate organisms, all contribute to selection during the isolation process. There is a dearth of descriptions of selective factors that are active during isolation of potential BCAs. The selective effect of the medium used for isolation has been described in terms of the composition of the isolates obtained (21, 51) , but there have been few reports of how different media influence the proportion of potential BCAs obtained (33) . The plant species used for isolation of potential BCAs can also influence this proportion (2) .
It is well documented that the microflora in the rhizosphere is different from that in bulk soil, and some groups of bacteria can only be found in close proximity to plant roots (20, 42) . The bacterial community of the rhizosphere is often found to be plant species specific (10, 11, 31, 32, 37, 44) . Consequently, the plant material used for isolation can have a significant influence on the composition of the microflora obtained, as well as on the probability of finding isolates with biocontrol traits. Isolates that are efficient in protecting a particular plant species do not necessarily have to originate from that species.
In a previous study, disease-suppressive indices (DSIs) were generated for 598 psychrotrophic isolates that were screened with a greenhouse bioassay and described briefly (16) . Based on data for 44 of these isolates, representing high, moderate, and low disease suppressiveness, the authors concluded that greenhouse DSIs correlated well with the DSIs obtained in field tests (16) .
The aim of the present study was to identify and evaluate the influence of some isolation factors on the proportion of disease-suppressive bacterial isolates obtained. The origins, the methods of isolation, and the colony morphologies of almost 600 potential BCAs were analyzed to identify key isolation factors. Among the isolates analyzed, a specific, uniform group of highly disease-suppressive isolates emerged, and its distinguishing features are described below.
MATERIALS AND METHODS
Isolation and handling of bacterial isolates: general procedure. Root-associated bacteria were isolated on six different occasions, designated isolations 1 to 6 ( Table 1 ). The following protocol was used for all isolations unless indicated otherwise. Plants with adhering soil were collected from various biotopes, such as arable land, forest, and gravel ground, at latitudes ranging from 47 to 68°N and at longitudes ranging from 6 to 19°E (Table 1 ). The roots of each plant were separated from the rest of the plant and washed under tap water. Undamaged root pieces that were 1 to 5 mm in diameter and 1 to 2 cm long were used for isolation of bacteria. The root pieces were subsequently rinsed in sterile water and left to dry on autoclaved filter paper for 1 h. The roots pieces were cleaved longitudinally with a scalpel, and the surfaces were rubbed over the agar in petri dishes containing (i) King's medium B (KB) (23), (ii) wheat straw agar, (iii) soil extract agar, (iv) water agar (20 g of agar technical no. 3 [Oxoid Ltd., Basingstoke, England] in 1,000 ml of deionized water), and/or (v) 33% tryptic soy agar (10 g of tryptic soy broth [Difco, Becton Dickinson, Le Pont de Claix, France] and 20 g of agar technical in 1,000 ml of deionized water). Wheat straw agar was prepared by mixing 100 ml of dry wheat straw meal with 500 ml of nonsterile tap water. After overnight swelling, the mixture was filter sterilized, and then 50 ml of the filtrate was added to an autoclaved agar solution (20 g of agar in 950 ml of deionized water) at 60°C. Soil extract agar was prepared by mixing 100 ml of peat soil with 1,000 ml of nonsterile tap water; the mixture was boiled for 10 min and filtered. Then 100 ml of this extract, 5 g of malt extract (Difco), 20 g of agar technical, and 900 ml of deionized water were mixed and autoclaved. The inoculated agar plates were incubated in the dark at 1.5°C. Once or twice a week, the plates were examined, and one representative colony of each of the different types that appeared (Table 2 ) was picked and transferred onto 33% tryptic soy agar. The isolates were incubated for 3 days in the dark at 15°C, and the purity and colony morphology were checked. Subsequent growth and maintenance of the cultures have been described previously (16) . a Each isolate was given a four-digit code that described its shape, color, texture, and other distinctive traits. The morphological traits are based on the appearance of isolates grown for 3 days at 15°C on 33% tryptic soy agar and observed with a stereomicroscope.
b Example of a code: the code for a yellow colony with undulate edges and structured texture is 1320 (0 indicates that none of the defined traits was applicable or that the type of character was not sought).
c Unusual colony shapes are, for instance, square, umbonate, pulvinate, and satellite colonies adjacent to a mother colony.
d See Fig. 2 for an illustration of optically dense spots. Other types of crystals observed were needle shaped, lens shaped, shaped like snowflakes, and cubic.
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ISOLATION OF DISEASE-SUPPRESSIVE BACTERIAMorphological characterization. Each isolate was observed with a stereomicroscope at a magnification of ϫ40 to ϫ50. The morphological traits were divided into four categories (shape, color, texture, and other distinctive traits), and there were four alternative descriptions of the traits in each category, trivially numbered 1 to 4 ( Table 2) . By using this key, the colonial morphology was described with a four-digit code. When a trait was missing or not covered by the key, we placed a zero in the appropriate position. By assigning codes, we could readily group and identify isolates with similar morphological traits.
Specific conditions for the six isolations. Table 1 shows complementary information, such as the sampling location(s) and details concerning the plant used, as well as the number of individual samples per isolation. Samples were kept separate from one another at all times. For isolation 1, samples from various biotopes were taken in April 1996. Only isolates showing fluorescence on KB under UV light (254 nm) were picked. For isolation 2, samples from a table land in the Swedish mountain area were taken in July 1994. The roots were separated from the rest of each plant, washed, and stored at minus 28°C for 3 years. After thawing and rehydration in sterile tap water, the roots were treated as described above. For isolation 3, samples from arable land were taken in November 1996. Root pieces that had been treated as described above were placed in a test tube containing 1 ml of a 0.01 M MgSO 4 solution and ground with a glass rod. The resulting suspension was diluted with MgSO 4 (100 l in 5 ml of MgSO 4 ). Then 50 l of this solution was spread on each of four different media (Table 1) . For isolation 4, samples from arable land were taken in March 1997. Plants with 200 to 500 g of adhering soil were packed in bags made of composite material (paper, aluminum, and plastic; one bag per sample) and sent by mail to Sweden. Upon arrival, the material was heavily fermented and had a characteristic smell, reminiscent of hydrogen sulfide. For isolation 5, samples from arable land were taken in December 1997. For isolation 6, samples from arable land were taken in March 1999 and the conditions were similar to those of isolation 4.
Reference strains. (Table 1) were used as reference strains. These strains had been isolated on three separate occasions by using a method similar to the one used in this work and were selected because of their ability to suppress barley net blotch caused by Drechslera teres and stinking smut caused by Tilletia caries in greenhouse experiments (13) . The 16S rRNA sequences of three of these strains (Ab 17 [ϭ NB 1], Ab 131, and Ki 341 [ϭ NB 6]) were retrieved from the National Center for Biotechnology Information database (http://www.ncbi.nlm.nih.gov) (accession number AJ012712), in which the strains are referred to as "Pseudomonas borealis" (3) .
Screening for suppression of wheat seedling blight caused by F. culmorum. The greenhouse bioassay used has been described in detail previously (16) . Wheat seeds artificially infested with F. culmorum were treated with 48-h bacterial cell cultures (in 50% tryptic soy broth [Difco]) (log 9 to log 10 cells ml Ϫ1 ; 300 ml kg Ϫ1 ). The treated seeds were dried and sown in pots by using six seeds per pot and a minimum of two pots per isolate. The pots were incubated in the dark at 6°C for 10 days before they were transferred to a greenhouse with a temperature of 15 Ϯ 3°C and a minimum of 12 h of light per day. After 14 days, the degree of germination and symptom development were recorded. Disease suppression was graded by using the following scoring method: 2, healthy plants; 1, plants with symptoms; and 0, dead or nonemerged plants. A DSI was determined for each pot (1 pot ϭ 1n in the analysis). Thus, a pot in which all six plants were healthy had a DSI of 12, and a pot in which all of the plants were dead or nonemerged had a DSI of 0. The DSIs correlated both with the fresh weight of the seedlings (r 2 ϭ 0.89), which provided a quantitative measure of disease suppression, and with the levels of disease suppression observed under field conditions (r 2 ϭ 0.72), as described previously (16) . Influence of isolation factors on DSI. The isolates screened with the bioassay were grouped according to the material and methods used for isolation and the specific traits of the bacterial colonies. DSIs for individual pots were used as random samples for the defined groups, which in a previous analysis had exhibited a normal distribution (Fig. 1) . Within the categories (categories i, ii, iii, and iv [see below]) the subgroups were subjected to one-way analysis of variance by using MiniTAB (release 13.2). The probability of finding an isolate that had a mean DSI of Ն6 was calculated for each group. The following categories and groups were defined for comparisons of mean DSIs: (i) geographic influence (all Swiss isolates versus Swedish isolates obtained on KB) (two groups); (ii) morphological traits of colonies ( Production of DDR. The following protocol was adapted from a method used by M. Svensson and L. Lundgren (unpublished data) and from the method used by Hökeberg (14) , which was modified by AgriVir AB (Uppsala, Sweden). Briefly, bacterial cultures grown as described above for seed treatment were centrifuged for 20 min at 20,000 ϫ g (rotor RC5B; DuPont) at 4°C. The supernatants were separated by solid-phase extraction. The material was separated by elution of the columns, first with 2% ethanol and then with 95% ethanol. The fractions were then dried by evaporation of the solvents and stored at Ϫ20°C for subsequent analysis. The hydrophobic fractions were injected into a preparative high-performance liquid chromatography column (Kromasil 100-5C18, HICH-ROM) by using 70% CH 3 CN (5 ml m Ϫ1 ) as the mobile phase. For some of the strains, crude supernatants were applied directly (without solid-phase extraction) to the high-performance liquid chromatography column. The presence of 2,3-deepoxy-2,3-didehydro-rhizoxin (DDR) was examined at a wavelength of 310.4 nm. Strains that produced DDR showed a peak at approximately 6.5 min (14) .
In vitro inhibition of pathogenic fungi and bacteria. The antimicrobial activities of a selected group of isolates were tested by using a protocol developed by AgriVir AB (46) . Antifungal activity was tested by using six different filamentous fungi representing diverse taxonomic groups and one yeast, Candida albicans. Antibacterial activity was tested by using one plant pathogen, Pseudomonas savastanoi strain CCUG 2171, and one human pathogen, Staphylococcus aureus. The six fungi were Aspergillus fumigatus, Drechslera sorokiniana, F. culmorum No. 11, Heterobasidion annosum, Microsporum canis, and Pythium ultimum. Bacterial culture supernatants were fractionated, dried, and stored as described above. The dried material originating from 100 ml of culture supernatant was dissolved in 5 ml of 50% acetonitrile, and 50-, 25-, 10-, 5-, and 2-l aliquots were transferred to 96-well microtiter plates, which was followed by evaporation of the solvent overnight. One hundred microliters of a test organism spore or cell suspension (approximately 10 4 spores ml Ϫ1 or 10 4 cells ml Ϫ1 ) in the appropriate medium (46) was added to each well of the microtiter plates, which resulted in test concentrations that were 10, 5, 2, 1, and ϳ0.5 times the concentration of the original supernatant. For most of the microorganisms tested, spore germination and cell growth were monitored after between 24 and 144 h of incubation at 28°C; the exceptions were S. aureus and C. albicans, which were incubated at 37°C. The antimicrobial activity was determined based on the absorbance at 620 nm as determined with a plate reader (Multiscan Ascent, version 2.4.2).
Two-dimensional electrophoresis of bacterial proteins. Bacterial pellets consisting of 10 8 to 10 9 late-log-phase cells were agitated for 50 min at room temperature in 360 l of a solution consisting of 8 M urea, 2% 3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate (CHAPS), 0.5% immobilized pH gradient (IPG) buffer (for the nonlinear pH range from pH 3 to 10), 20 mM dithiothreitol (DTT), and 0.001% bromophenol blue. After 10 min of centrifugation, the supernatants were applied to 18-cm Immobiline dry strips with an immobilized nonlinear pH gradient (pH 3 to 10; Amersham Biosciences, Upp-FIG. 1. Distribution of 595 bacterial isolates based on the level of suppression of wheat seedling blight caused by F. culmorum. The suppression was tested by a greenhouse bioassay, and each isolate was graded by using a DSI, where 0 reflected no disease suppression (all seedlings dead) and 12 reflected total disease suppression (all seedlings healthy). UT, untreated (healthy) control (mean DSI, 10.5; n ϭ 69); FC, F. culmorum control (mean DSI, 1.6; n ϭ 84).
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sala, Sweden). The first dimension was electrophoresed by using an IPGphor isoelectric focusing unit (Amersham Biosciences), starting with a rehydration step at 50 V for 12 h at 20°C. The following steps were 500 V for 1 h, 1,000 V for 1 h, and 8,000 V until a total of 38,000 V ⅐ h was reached after about 6 h. The strips were then equilibrated for 15 min in 10 ml of a solution containing 50 mM Tris-HCl (pH 8.8), 6 M urea, 30% glycerol, 2% sodium dodecyl sulfate (SDS), 0.001% bromophenol blue, and 65 mM DTT, and this was followed by a 15-min alkylation step in 10 ml of the same solution except that the DTT was replaced by 135 mM iodoacetamide. The second-dimension electrophoresis was performed in SDS-12.5% polyacrylamide gels (1 mm by 18 cm by 18 cm) at constant current of 45 mA until the dye front reached the bottom of each gel. The markers used had molecular masses of 97, 66, 45, 31, 21, and 14 kDa. The gels were stained with silver as described by Shevchenko et al. (40) .
Phenotypic characterization of bacterial isolates. For preliminary identification, an API 20NE kit (Bio Mérieux, Lyon, France) was used. The major goal, however, was to obtain information for the 21 biochemical characteristics that are tested with this kit. Additional carbon source utilization data were obtained with the PhenePlate-48 microtiter plate system (PhP-48 plates; BioSys Inova, Stockholm, Sweden). This kit contains a set of 48 dehydrated reagents (mostly amino acids and sugars) and was used according to the recommendations of the manufacturer. Three strains (MF 30, MF 588, and MF 626) were previously identified (16) at the Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (Braunschweig, Germany) by using 40 biochemical tests, fatty acid methyl ester analysis, and analysis of partial sequences of 16S rRNA; for this study strain MF 381 was submitted to the Deutsche Sammlung von Mikroorganismen und Zellkulturen for identification. (Fig. 1) . The deleterious bacteria originated mainly from two of the six iso- lations; 46 isolates from isolation 2, 48 isolates from isolation 5, and 2 isolates from isolation 6. The 33 isolates with high disease levels of suppressiveness were also unevenly distributed over the six isolations (Table 3 ). The diversity of the bacterial isolates obtained from the isolation 4 material was low compared to the diversity obtained on previous isolation occasions. From 50 plant samples of 10 plant species, collected at 22 locations in Switzerland (Table 1) , only 76 isolates were obtained. From each of the samples, which were kept separate throughout the isolation process, a certain type of bacteria with a characteristic colony morphology was isolated (Fig. 2) . When the colony morphology was analyzed, these isolates formed one of the groups (code 1130). In Table 2 , the code number 3 in the third position indicates the presence of crystal or optically dense spots; hence, isolates that obtained that code are referred to below as IODS. In isolation 4, 57 IODS were found, and these isolates efficiently suppressed seedling blight in greenhouse (Table 4 ) and field (Table 3) experiments (16) .
RESULTS

Disease
Influence of isolation factors on DSI. (i) Geographic origin.
When the DSIs of bacteria isolated on KB (isolations 1, 4, 5, and 6) were compared, the 142 Swiss isolates (originating from 78 samples of 11 species) were more suppressive than the 216 Swedish isolates (originating from 24 samples of 13 species)
(ii) Colony morphology. The IODS morphology was strongly correlated with the ability to suppress disease (mean DSI, 9.8; n ϭ 57). Isolates with the code 1120 (Table 2) were also significantly more suppressive than the rest of the isolates. Their mean DSI (5.3; n ϭ 151), however, was not as high as that of the IODS.
(iii) Plant species origin. The isolates from cruciferous plants (family Brassicaceae) had the highest mean DSI, followed by the isolates from cultivated grasses. When the data were analyzed without the IODS, the plant species effect that favored the isolates originating from crucifers was even more pronounced. The members of this group were significantly separated from all the other isolates (P Ͼ 0.001) ( Table 4) . Of the 33 isolates that exhibited 100% disease suppression (DSI, Ն10.5), 10 were isolated from plants belonging to the family Brassicaceae and 20 were isolated from grasses (13 from wild grasses and 7 from cultivated grasses). However, the proportion of grasses in the whole material that was used for isolation was much higher (61%) than the proportion of plants belonging to the Brassicaceae (18%); hence, the 10 isolates from members of the Brassicaceae constitutes a relatively high proportion of the 33 isolates (Table 3) .
(iv) Media. Only Swedish isolates were included in the analysis of media. The bacterial colony types isolated did not differ in any obvious way for the different media. Isolates grown on soil extract agar were significantly more suppressive (P Ͻ 0.001) than isolates grown on other media, as shown in Table  4 .
(v) Biotope. The isolates that originated from arable land had a higher mean DSI than the isolates that originated from other environments ( Table 4) .
Production of DDR. Sixteen IODS and 16 other fluorescent pseudomonads (MV isolates) were tested for DDR production. All IODS produced DDR or (as in the case of Ki 341) traces of DDR (3), while the other strains did not produce this compound (Table 5) .
In vitro inhibition of pathogenic fungi and bacteria. Nine IODS and one non-IODS reference strain (Pantoea agglomerans MF626) from this collection, as well as seven IODS reference strains (3, 14) , were tested for antimicrobial activity. There was significantly more in vitro antifungal and antibacterial activity in the hydrophobic fraction (Table 5 ) than in the hydrophilic fraction (data not shown).
Two-dimensional electrophoresis of bacterial proteins. The two-dimensional SDS-polyacrylamide gels for 12 IODS (9 strains from the present work and 3 reference strains) had quite a uniform pattern of proteins (Fig. 3 ). There were eight areas (designated areas A to H) where differences among the strains tested were observed. Letters were assigned to the presence of dots in certain areas (one letter per dot). In this manner, seven unique patterns were identified for seven of the IODS, while the eighth pattern was shared by five of the strains (Table 5) .
Phenotypic and genotypic characteristics of bacterial strains. A summary of the results obtained by using the API 20NE and PhP-48 test systems and previously published data for other closely related pseudomonads is presented in Table  6 . Of the isolates that were tested with the API 20NE system, 80% belonged to the genus Pseudomonas. The API 20NE system was not very discriminatory for the highly disease-suppressive isolates. Of the 33 isolates that exhibited full suppression (Table 3) , 23, including the IODS, had the API 20NE code 0157555, which according to the kit gives very good identification for the genus Pseudomonas but only 79.3% certainty of identification for the most similar species, Pseudomonas fluorescens. A few strains were subjected to further identification (16) . One of the IODS (strain MF 381) was determined to be most closely related to Pseudomonas frederiksbergensis (1) based on a partial sequence of the 16S rRNA. BLAST searches performed with the whole16S rRNA sequence of the reference IODS Ab 131 showed that the IODS are most closely related to Pseudomonas mandelii (49) and P. frederiksbergensis (99% identity in both cases). There were eight sequences from isolates of Pseudomonas sp. that had similarity scores in the BLASTN analysis which were higher than that of P. mandelii; six of the strains were isolated from woodland soils in the southwestern United States (26) , and two uncultured strains were isolated from soils from California grassland (M. G. La Montagne, J. P. Schimel, and P. A. Holden, unpublished data). The best alignment was obtained with strain Pseudomonas sp. strain PsB (accession number AF105380) (26) .
DISCUSSION
When bacteria from natural environments are sampled, there are a number of factors that influence the subset of bacteria that are actually isolated. The type and structure of the soil (15, 32) , the season (42), the plant species (2, 11, 31, 32, 37, 44) (Table 4) , the medium or substrate (21, 33, 51) (Table  4) , and the temperature (14, 45) all have an impact on the composition of the microflora in the rhizosphere. We try to minimize the influence of factors outside the scope of a study, but there are always some factors that are beyond our control and whose presence becomes apparent with unbalanced sampling and small sample sizes. If the sample size is sufficiently large, a randomly sampled, natural population of root-associated bacteria will approximate a normal distribution with regard to the ability to suppress disease. Hökeberg et al. (13) found that 400 isolates that suppressed D. teres in barley and 309 isolates that suppressed M. nivale in wheat had such a distribution (13) . The DSIs of the 595 isolates in the present study also had this pattern (Fig. 1) , suggesting that the population tested was representative and sufficiently large to perform the analysis. In a study in which the aim is to compare multiple factors that are not always entirely independent, a high number of random samples (e.g., Ͼ100 samples) ensures that the factors analyzed also are the factors responsible for an increase in the number of suppressive isolates.
In Table 4 , the increased probability of finding a diseasesuppressive isolate is reflected both by the high proportion of isolates with a DSI of 6 or more and by the high mean DSI. Disease-suppressive bacteria were isolated more frequently from plants belonging to the family Brassicaceae than from the other plants. This was also true when the highly suppressive a The suppressiveness of isolates to wheat seedling blight (caused by F. culmorum) was evaluated by using greenhouse test data and was expressed as the DSI on a scale from 0 to 12, where 0 reflected no disease suppression (all seedlings dead) and 12 reflected full disease suppression (all seedlings healthy) (16) . The results of a one-way analysis of variance are shown. Means followed by the same letter within a group were not significantly different (P Ն 0.001).
b See Fig. 2 for colonial morphology of IODS. All 57 IODS originated from isolation 4 and had high DSIs. For the sake of comparison, some of the analyses of variance were done both with and without the IODS. The values for the analyses from which the IODS were excluded are shown separately.
c Isolates from Sweden and Switzerland were compared with respect to the proportion of disease-suppressing isolates found. Isolations were done on six occasions (isolations 1 to 6) by using one basic method and variations of some of the isolation factors. Production of the antifungal macrocyclic lactone DDR (14) .
d
The disease suppressiveness of strains for wheat seedling blight (caused by F. culmorum) was evaluated by using greenhouse test data and was expressed as the DSI on a scale from 0 to 12, where 0 reflected no disease suppression (all seedlings dead) and 12 reflected full disease suppression (all seedlings healthy) (16 IODS were removed from the analysis (Table 4) . Berg et al. (2) found plant species-dependent variation (both qualitative and quantitative variation) among isolates antagonistic in vitro to four soilborne pathogens. They also found a lot of antagonistic isolates originating from oilseed rape (Brassica napus var. oleifera), demonstrating that this family of plants may possess certain features that encourage the presence of a suppressive microflora. The diversity of the microflora of cruciferous plants is high (2, 11, 18) , which in turn might increase the probability of finding disease-suppressive isolates. Moreover, of the 33 isolates that totally suppressed development of wheat seedling blight, 10 originated from plants belonging to the Brassicaceae (Table 3) . Since the proportion of cruciferous plants in the entire material was only 18%, this finding further strengthens the conclusion that plants belonging to the Brassicaceae are a favored niche of potential BCAs. An alternative approach to ensure a high proportion of isolates with desired traits is to use methods that target characteristics known to be related to biocontrol activity. Examples of this include media that detect the production of hydrolytic enzymes (3, 21, 34, 51) or antifungal metabolites (27, 33) and molecular markers that can detect certain traits (2, 27) . The distinctive colony morphology of the IODS (Fig. 2) makes it possible to select potentially disease-suppressive isolates by observing the colonies.
Of the 595 isolates analyzed in this work, almost 40% resulted in suppression in which 50% or more of the disease symptoms were absent (i.e., the DSI was 6 or more) ( Fig. 1 and Table 4 ). These isolates are facultative psychrotrophs, and in addition, the low temperature used during screening may have induced the expression of specific genes responsible for disease suppression, such as the production of antimicrobial compounds. The production of 2,4-diacetylphloroglucinol was greatest at 12°C (39). The psychrotrophic P. fluorescens strain ANP15 produces more pyoverdine at 12°C than at 19°C, the optimal growth temperature of this strain (38) . Likewise, maximum production of phenazine occurred at a temperature below the temperature that is optimal for growth (41) . We believe that the low-temperature approach that was used during isolation and screening increased the probability of recovering and identifying disease-suppressive isolates.
The IODS have emerged as a distinct group of pseudomonads with excellent disease suppressiveness. Seven IODS have also exhibited high levels of suppressiveness under field conditions (Table 3) (13, 16, 17 ; Johansson, unpublished results). The strain that has been tested most extensively is MA 342, which has been developed into a commercial product, Cedomon (BioAgri AB, Uppsala, Sweden) and is used as a seed dressing to combat seed-borne pathogens of barley (14) . The modes of action of strain MA 342 include the ability to colonize the glumes and pericarp of barley seed (47) and DDR production (14) . Of the 64 IODS isolated so far, 12 were chosen for further characterization. The strains chosen represent 12 distinct samples that were collected at nine geographically separate locations in Sweden and Switzerland, and they were isolated from five different species of plants at different times (Tables 1 and Table 3 ). Although most of these isolates reacted similarly in biochemical tests (Table 6 ), they could be differentiated into eight groups based on two-dimensional protein profiles (Fig. 3 and Table 5 ) and into two additional groups based on inhibition of M. canis (Table 5) were indistinguishable on the basis of their protein profiles, strains MF 411 and MF 416 were unique in that they did not inhibit M. canis in vitro ( Table 5 ). The identity of the IODS was difficult to establish firmly. The API 20NE kit identified all of these organisms as Pseudomonas sp. strains that were most closely related to P. fluorescens, but the level of identification was low (79.3%). The fatty acid methyl ester profile of one IODS reference strain (MA 342) suggested the identity Pseudomonas chlororaphis (13) . The 16S rRNA sequence data for three of the reference strains (Ab 17, Ab 131, and Ki 341) and for MF 381 were most similar to the data for P. mandelii and P. frederiksbergensis (see above). The phenotypic characteristics of the IODS, however, are not identical to those of any of the species that are listed in Table  6 . P. frederiksbergensis and P. mandelii are distinguished from the IODS by not producing a fluorescent pigment on KB (P. frederiksbergensis), by their denitrifying ability, by their inability to liquefy gelatin (P. mandelii), and by their growth on lactose (P. mandelii), maltose (P. mandelii), and sucrose (P. frederiksbergensis) but not on D-xylose (P. frederiksbergensis), gentobiose (P. frederiksbergensis), L-arabinose (P. mandelii), and melibiose (P. frederiksbergensis) ( Table 6 ). The color of the colonies of P. 
